A Recording Process Simulation for Double-Layered Magneto-Optical Disk by 川添  良幸
A Recording Process Simulation for
Double-Layered Magneto-Optical Disk
著者 川添  良幸
journal or
publication title







IEEE TRANSACTIONS ON MAGNETICS, VOL. 33, NO. 5, SEPTEMBER 1997 4149 
A Recording Process Simulation 
for Double-Layered Magneto-Optical Disk 
M. Ishihara*’, H. Mizuseki**’,Y. Kawazoe”’ and N. Ohta‘*’ 
*) Institute for Materials Research, Tohoku University, Sendai, 980-77, Japan 
**) Engineering Research Laboratory, Hitachi Maxell Ltd., 6-20- 1 Kinunodai, 
Yawara-mura, Tsukuba-gun, Ibaraki, 300-24, Japan 
Abstract- Magnetic Multi-Valued (MMV) recording 
process is studied by numerical simulation including 
thermomagnetic effect. A medium, which consists of PtCo 
capping layer coupled to TbFeCo recording layer, 
switches the signal of Kerr rotation angle responding to 
the external field in four levels. The time evolution of 
generated pattern of recording mark is calculated by 
extending the previous magneto-optical (MO) recording 
simulation for single layer system. 
In this paper, dynamic recording process by using the 
quadric-value recording medium is simulated. The domain 
reversal model was used according to the balance between 
magnetic forces based on isothermal and magnetic 
configurations on the scale of recording domain which is 
meshed to simulate MO media well [3]. Pseudo coercive 
forces of each domain in recording states are numerically 
determined based on the classical Heisenberg model. 
11. MODEL AND NUMERICAL METHOD 
I. INTRODUCTION 
To develop magnetic recording media with higher density 
and faster data transfer rate, several methods have already 
been proposed to achieve this end, such as mark edge 
recording and super-resolution in the field of MO recording. 
The MMV recording method is one of the most promising 
schemes for the development because it can increase the 
linear recording density within the same region size. Design 
concept of the MMV recording medium whose possibility of 
ultra-high density recording in three dimensions was first 
proposed by the present authorsCl]. Three-dimensional 
artificial lattices with domains of different magnetic 
anisotropies are used as the recording medium. The numerical 
simulation shows intermediate stable and metastable states in 
these systems under extemal fields. 
Recent experiments on a MMV-MO medium, composed of 
two separated TbFeCo recording layers has been reported [2] .  
Combining two recording layers, this interesting medium 
shows quadric-value of signal level experimentally. 
Simulation methods for the conventional MO media has 
already been developed, based on balances between magnetic 
forces[3] or spin dynamics according to Landau-Lifshiz- 
Gilbert equation[4]. However, the latter approach requires 
huge amount of calculations. To evaluate various conditions 
to estimate theoretical values, which are compared with 
experimental results directly, or for larger voIume to find out 
MMV recording condition is more time consuming than for 
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Detailed numerical simulations have been performed based 
on the classical two dimensional Heisenberg model with 
limited range of dipolar interaction. First, the spin 
reorientation perpendicular to film was calculated to estimate 
the total magnetic property of coupled layers. Using these 
values and the laser-induced thermal effect, the induced 
recording marks have been simulated. 
The present model assumes that the recording medium is a 
2D magnetic lattice, which has a double layer magnetic 
structure. The axes of easy magnetization assumed in the 2D 
plane are schematically shown in Fig. 1. The basic formula of 
the energy stored in the film per unit area is,: 
U ,  j> i 
where S, = (SI‘, S?, S,) is the classical Heisenberg spin which 
is integrated to include all spin effect in the domain assumed 
and STMI the spin of the transition metals, r, = (xl, y,. zl) the 
position of each spin and rlJ = r, - rJ ; J the ferromagnetic 
exchange coupling between nearest-neighboring spins, K 
anisotropy parameter, A, the direction of easy axis, and g the 
strength of long-range dipolar interaction, This formula is 
constructed based on the effects of spin correlation of nearest 
neighbors, magnetic anisotropy of spin orientation and long- 
range dipolar interactions. We assume that the applied 
extemal field H is constant, because the domain is smaller 
than the size of the magnetic head for writing and reading. 
The spin relaxation time is very short compared to the time 
that it takes for the head to move across the domain. The 
materials applied for recording is ferrimagnetic where spins 
are regarded to couple anti-parallel very strongly and only one 
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Fig. 1 Model for the double layer medium. 
Fig. 2 Numerical result of the hysteresis loop of the medium. KCap=lxlO3, 
~, ,=1~10~.  
of the spins which comes from transition metal couples to the 
neighbors. 
The temperature distribution is calculated based on the 
following thermal diffusion equation, 
dT 2 P ( t )  pc- = d T +  (1 - R)- 
at Er$ h 
xexp[-2{(x-xo - v t ) 2  +Y’} 
2 
r0 
where h is the thickness, p the density, C the specific heat, K 
the thermal conductance of each part in the medium, R the 
reflecting ratio, P(t)  the laser intensity on the surface, ro the 
radius of the laser spot and v the velocity of the laser spot. 
Magnetic reversal of each domain is evaluated according to 
the balance between magnetic forces based on the isotherms 
and the magnetic configuration which are calculated in the 
previous step. There are three forces on the magnetization in 
+ 6Fn + 
C. rotating direction 
Fig. 3 Typical generated mark on the medium. 
P=9mW,v=22.5 mis, A: change value ”0” to “3” at He,,=7500e and 
B: “0” to “ 2 ”  at He,,=2000e. 
A 
B 
one domain as shown in Fig.1, where H,, is the magnetic 
force from the external field, Hd from other domains 
where h is the thickness of the magnetic films, and H ,  the wall 
energy. The total force on the magnetization in a domain is 
The magnetic reversal of the domain is calculated by the 
comparison of this magnetizing force by the coercive force 
which is based on Eq.( 1). 




The numerical result of the generated signals in this 
medium reproduces quadric-value of hysteresis as shown in 
Fig. 2, based on Eq.(l) to (4) using Monte Carlo and 
numerical methods. The temperature distributions are 
calculated based on Eq.(2) where the heat and thermal 
parameters of the medium are assumed to be the same as the 
conventional MO medium which was evaluated in the 
previous work [3] except here the recording medium is 
laminated. Using these results, a typical recording pattern 
obtained by this model is shown in Fig. 3. The recording 
marks of MMV are calculated using M, and H ,  for simplified 
functions of temperature determined from experimentally 
observed values. 
In the numerical simulation, we have assumed that the laser 
power P(t )  has a Gaussian distribution fitted to the 
experimental condition. It is switched on at t-0 and shut off at 
r=140 nsec. The medium moves about 3 pm in this time 
period with v-22.5 d s .  We have applied a strong extemal 
field H,,,=750 Oe to establish complete recording marks, 
shown in Fig.3. 600 Oe is the standard intensity for MO 
recording. A is the pattern of the recording value “0” to “3” at 
He,, =750 Oe and B is “0” to “2” at Hext =200 Oe. This final 
mark becomes unstable under IHJ c 100 Oe. These 
calculations show that the recording patterns should depend 
on temperature distributions mainly, and are very similar to 
single layer MO when the He,, is strong enough to make clear 
quadric-value recording pattern. The PtCo capping layer helps 
to establish the final recording mark to be complete under 
lower Hex,, which is effective to make the head smaller. To 
realize 4 valued recording, +700 Oe is the minimum He,, 
necessary as shown in F i g 2  
In this study, the experimental result [2] of quadric- 
value recording is successfully reproduced by numerical 
simulation based on the classical Heisenberg model. The 
field modulation recording pattern is not compared because 
this simulation is not fit for the method. We propose to 
apply the present model to realize higher density magnetic 
recording media, by making triple or more multi-layered 
systems. To this aim, we are considering to apply magnetic 
microclusters as unit of recording domains to decrease the 
volume occupied by one bit[ I]. 
ACKNOWLEDGMENT 
The authors would like to express their sincere thanks to 
the Materials Information Science Group of the Institute for 
Materials Research, Tohoku University, for their continuous 
support of the HITAC S-38001380 supercomputing facilities. 
This research is supported by Aichi Science & Technology 
Foundation. 
REFREENCES 
Mizuseki, M. Ishihara, X. Hu, Y. Kawazoe and N. Ohta, 
“Magnetic multi-valued recording by new magnetic 
configuration in 2D and 3D artificial lattices,” IEEE Trans. 
Magn., vo1.32, No.5,pp. 4335-4337, 1996. 
Shimazaki, M. Yoshihiro, 0. Ishizaki, S .  Ohnuki and N. 
Ohta; “Magnetic multi-valued magneto-optical disk,” J. 
Magn, Soc. Jpn., vol. 19, No. SI,  pp. 429-430, 
[3] S.Honma, X. Hu, T. Yorozu, Y. Kawazoe, T. Imazu and N. 
Ohta; “Real-time simulation on thermomagnetic 
recording,” J. Magn. Magn. Mater., vol. 132, pp. 375-383 , 
1994. 
[4] Mansuripur, “Magnetization reversal dynamics in the 
media of magnet-optical recording,” J. Appl. Phys., vol. 
63, pp. 5809-5823, June 1988. 
1995. 
Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on March 09,2010 at 01:35:12 EST from IEEE Xplore.  Restrictions apply. 
